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(54) HYDROUS CONTACT LENS 

(57)Abstract: 

PURPOSE: To provide a hydrous contact lens excellent in dimensional stability and preservation stability in a preserving soln. 
for a contact lens. 

CONSTITUTION: This hydrous contact lens is made of a saponified copolymer obtd. by saponifying a copolymer based on 1 - 
30wt% (meth)acrylate polymer having at least one polymerizable group on average in each molecule and obtd. by copolymerizing 
alkyi (meth)acrylate and a monomer having at least two polymerizable groups in one molecule as principal components, 1- , 
10wt.% vinyl monomer selected among maleic esters and N-vinyllactams, 50-98wt.% fatty acid vinyl ester and 0.01-10wt.% 
crosslinkable monomer. 
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3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (A) 1 - 30 % of the weight of acrylate system polymer which has an average of one polymerization nature machine at 
least in the molecule which comes to copolymerize alkyi (meta) acrylate and the monomer which has at least two polymerization 
nature machines in a molecule as a principal component (meta), (B) 1 - 10 % of the weight of vinyl monomers chosen from a 
maleate and N-vinyl lactams, (C) Water nature contact lens which comes to saponify the copolymer which makes a principal 
component 50 - 98 % of the weight of fatty-acid vinyl esters, and 0.02 - 10 % of the weight of (D) cross-linking monomers. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to a water nature contact lens. It is related with the polyvinyl alcohol system water 
nature contact lens excellent in dimensional stability, the preservation stability in the inside of the preservation liquid for contact 
lenses, etc. in more detail. 
[0002] 

[Description of the Prior Art] In recent years, since it excels in water nature, biocompatibility, and a mechanical-strength side, 
polyvinyl alcohol is being studied about the application to medical-application material. What makes the polyvinyl alcohol system 
polymer which is examined about applying the polyvinyl alcohol which has these outstanding properties to a contact lens 
material as part of that, for example, contains a vinyl-ester unit the quality of the material is proposed (JP,3-224628.A). 
[0003] However, what makes this polyvinyl alcohol system polymer the quality of the material may be lacking in the endurance 
when performing sterilization by boiling etc., since a bridge is not constructed, although water nature etc. was good to be sure, 
when it is further used over a long period of time, crystallization of a polyvinyl alcohol chain may advance, and a size may 
change. Moreover, when immersed into the preservation liquid for contact lenses containing the boric acid, the borax, etc., there 
was a fault of the size changing. 
[0004] 

[Problem(s) to be Solved by the Invention] Then, as a result of repeating research wholeheartedly to deal in the water nature 
contact lens which was excellent in dimensional stability, the preservation stability in the inside of the preservation liquid for 
contact lenses, etc. in view of the aforementioned conventional technology, this invention persons find out at last the water 
nature contact lens with which are simultaneously satisfied of the aforementioned dimensional stability and preservation 
stability, and came to complete this invention. 
[0005] 

[Means for Solving the Problem] 1 - 30 % of the weight of namely, acrylate system polymer which has an average of one 
polymerization nature machine at least in the molecule in which this invention comes to copolymerize (A) alkyi (meta) acrylate 
and the monomer which has at least two polymerization nature machines in a molecule as a principal component (meta), (B) 1 - 
10 % of the weight of vinyl monomers chosen from a maleate and N-vinyl lactams, (C) It is related with the water nature contact 
lens which comes to saponify the copolymer which makes a principal component 50 - 98 % of the weight of fatty-acid vinyl 
esters, and 0.02 - 1 0 % of the weight of (D) cross-linking monomers. 
[0006] 

[Function and Example(s)] The water nature contact lens of this invention is excellent in dimensional stability and the 
preservation stability in the inside of the preservation liquid for contact lenses. 

[0007] Why the water nature contact lens of this invention is simultaneously excellent in these physical properties Although it is 
not certain, it differs from what makes the conventional polyvinyl alcohol system polymer the quality of the material. The 
stereoregularity of the polyvinyl alcohol chain which constitutes this water nature contact lens The acrylate system polymer 
which has an average of one polymerization nature machine at least in the molecule which comes to copolymerize alkyI (meta) 
acrylate and the monomer which has at least two polymerization nature machines in a molecule as a principal component (meta) 
(It is hereafter called polymer (A)) It is disturbed by the vinyl monomer (henceforth a monomer (B)) chosen as the row from a 
maleate and N-vinyl lactams, and it is thought that it is because promotion of crystallization can be pressed down. 
[0008] Furthermore, since the polyvinyl alcohol molecule comrade has joined together chemically mutually through a cross- 
linking monomer, the water nature contact lens of this invention begins not only the aforementioned physical properties but a 
mechanical strength, and is excellent in physical properties, such as endurance, such as configuration stability, and boiling-proof 
nature, solvent-proof nature. 

[0009] The water nature contact lens of this invention saponifies the copolymer which makes a principal component (Polymer A) 
1-30 % of the weight, (Monomer B) 1-10 % of the weight, fatty-acid (vinyl-ester C) 50-98 % of the weight, and cross-linking 
(monomer D) 0.02-10 % of the weight, as described above. 

[0010] Since the polymer (A) used for this invention has an average of one polymerization nature machine at least in a molecule 
Gopolymerization nature with the monomer which has polymerization nature machines, such as a monomer (B) and a fatty-acid 
vinyl ester (C), is good. When the polymer (A) which has two or more polymerization nature machines especially is used Since 
the chemical point constructing a bridge increases by copolymerization with the monomer which has the aforementioned 
polymerization nature machine, macroscopic phase separation does not arise at the time of water, but endurance, such as 
transparency and a mechanical strength, solvent-proof nature, configuration stability, and boiling-proof nature, gives a good 
water nature contact lens. 

[001 1] The aforementioned polymer (A) copolymerizes alkyI (meta) acrylate (henceforth the (a) component), and the monomer 
(henceforth the (b) component) which has at least two polymerization nature machines in a molecule as a principal component. 
[001 2] The aforementioned (a) component is alkyI (meta) acrylate whose alkyI groups in a molecule are the shape of a straight 



chain, and a branched-chain or annular alkyi group, and the hydrogen atom of this alkyi group may be replaced by the fluorine 

atom. 

[0013] As an example of the aforementioned (a) component, for example Methyl (meta) acrylate. Ethyl (meta) acrylate, propyl 
(meta) acrylate, butyl (meta) acrylate, Pentyl (meta) acrylate, hexyl (meta) acrylate, dodecyl (meta) acrylate, Cyclohexyl (meta) 
acrylate, truffe RUORO ethyl (meta) acrylate, pentafluoro propyl (meta) acrylate, hexafluoro isopropyl (meta) acrylate, etc. are 
raised, and these are independent, or can mix and use two or more sorts. 

[0014] In the aforementioned (a) component, it is desirable to use the low-grade alkyi (meta) acrylate of carbon numbers 1-6, 
for example from the ability of copolymerization of the monomer (B) and fatty-acid vinyl ester (C) which are polymer (A) and a 
copolymerization nature monomer to be carried out without causing steric hindrance. 

[0015] As an example of the aforementioned (b) component, the monomer which has at least two polymerization nature 
machines is raised, for example in molecules, such as allyl-compound (meta) acrylate, vinyl (meta) acrylate, ethylene 
GURIKORU JI (nieta) acrylate, diethylene GURIKORU JI (meta) acrylate. TORIECHIRENGURIKORU JI (meta) acrylate, and Zypro 
pyrene GURIKORUJI (meta) acrylate, and these are independent, or can mix and use two or more sorts. 

[0016] In the aforementioned (b) component, when copolymerization nature with the monomer (B) and fatty-acid vinyl ester (G) 
which are polymer (A) and a copolymerization nature monomer is taken into consideration, it is desirable to use what has the 
polymerization nature machine of vinyl systems, such as an allyl group or a vinyl group, for example, aflyl-compound (meta) 
acrylate, vinyl (meta) acrylate, etc. As for the operating rate (mole ratio) of the aforementioned (a) component and the (b) 
component, it is desirable that it is 80/99.97 / 0.03, and ********** 95 / 5 - 99.95/0.05. [ 20-99.97 ] When the amount of this 
(b) component used is under the aforementioned lower limit A good copolymer with the monomer (B) and fatty-acid vinyl ester 
(C) which are polymer (A) and a copolymerization nature monomer becomes is hard to be obtained. In there being an inclination 
used as mixture with the polymer which consists of polymer (A), a monomer (B), and a fatty-acid vinyl ester (C) and surpassing 
the aforementioned upper limit There is an inclination for a degree of cross Wnk'ing with the monomer (B) and fatty-acid vinyl 
ester (C) which are polymer (A) and a copolymerization nature monomer to become large too much. 

[0017] Although polymer (A) makes a principal component the aforementioned (a) component and the (b) component, it can 
make hydrophilic monomers, such as hydroxyl-group content (meta) acrylate, such as for example, hydroxyethyl (meta) acrylate 
and hydroxy butyl (meta) acrylate, an acrylic acid (meta), a dimethyl (meta) acrylamide, and N vinylpyrrolidone, etc. contain as a 
polymerization component other than these. 

[0018] Moreover, as for the amount used which united the (a) component and the (b) component it is desirable to adjust so that 
it may become more than 70 mol % and more than ********** 80 mol % into the monomer component which constitutes 
polymer (A). 

[0019] As a method of obtaining the aforementioned polymer (A), each aforementioned polymerization component is dissolved in 
a solvent, for example, and the solution polymerization method for performing a polymerization etc. is raised with reflux 
temperature, adding and agitating a polymerization initiator. 

[0020] Especially the solvent used for the describing [ above ] solution polymerization method does not have limitation, and the 
dissolution of each aforementioned polymerization component is good, and should not just check polymerization reaction. As this 
solvent, benzene, an acetone, etc. are raised, for example, and these are independent, or they mix two or more sorts and are 
used. What is necessary is just to adjust the amount of the solvent used suitably if needed, since it changes with conditions, 
such as polymerization temperature and time, kinds of polymerization component, etc. 

[0021] sufficient amount for being able to use an azobisisobutyronitril, azobis dimethylvaleronitrile, t-butyl hydroperoxide, a 
cumene hydroperoxide, a benzoyl peroxide, etc., for example, and the amount of this polymerization initiator used making a 
polymerization start as the aforementioned polymerization initiator — it is — ****ing — for example, all the aforementioned 
polymerization components 100 It is desirable that they are the 0.01 to 5 section and the 0.05 to ********** 2 section to the 
section (the weight section and the following — the same). 

[0022] Although there is a correlation in polymerization temperature and time and it cannot generally ******, it is desirable that 
it is for [ several minutes ] - several hours comparatively, for example in low temperature, for example, 50-80 degrees C. 
[0023] As for the number average molecular weight of the polymer (A) obtained in this way, it is desirable that it is about 5000 
to 200000 ********** about 10000-100000 in order to affect the mechanical strength of the water nature contact lens made 
into the purpose etc. There is an inclination which the mechanical strength of a water nature contact lens comes to take when 
this number average molecular weight is too small, and when number average molecular weight is too large, there is an 
inclination it to become difficult to be hard coming to mix polymer (A) uniformly to other monomer components, and to deal in a 
uniform water nature contact lens in the case of a copolymerization reaction. 

[0024] Since the aforementioned polymer (A) has an average of one polymerization nature machine at least in a molecule, it 
copolymerizes in the monomer and fitness which have polymerization nature machines, such as a monomer (B) and a fatty-acid 
vinyl ester (C), and the reinforcement effect of this polymer (A) etc. is discovered by this. 

[0025] As for the number of the aforementioned polymerization nature machines, it is desirable that it is to about five pieces in 
the molecule of polymer (A). When there are too many these polymerization nature machines, the crosslinking density of the 
copolymer obtained in the case of copolymerization. with other polymerization components becomes large too much, the water 
content of the contact lens made into the purpose falls, or there is an inclination which becomes weak 
[0026] As for the amount of the aforementioned polymer (A) used, it is desirable that it is [ of the copolymer which makes a 
principal component polymer (A), a monomer (B), a fatty-acid vinyl ester (C), and a cross-linking monomer (D) ] 3 - 20 % of the 
weight preferably one to 30% of the weight. In no longer ceasing to acquire reinforcement effect sufficient when the amount of 
this polymer (A) used is less than 1 % of the weight and surpassing 30 % of the weight, the water content of the water nature 
contact lens obtained comes to fall. 

[0027] The monomer (B) used for this invention is a vinyl monomer chosen from a maleate and N-vinyl lactams, as described 
above. In this invention, since the aforementioned monomer (B) is used, the size change by the freeze-proof nature of the water 
nature contact lens obtained, i.e., a freeze, is pressed down, and dimensional stability improves. 

[0028] A monoester or a diester is sufficient as the aforementioned maleate, and maleic-acjd monomethyl, maleic-acid 



3/7 K-s; 



monoethyl, a maleic-acid monochrome isopropyl, maleic-acid monobutyl, a maleic-acid monochrome pentyl, maleic-acid 
monochrome 2-'ethylhexyl. a maleic-acid dimethyl, a diethyl maleate, a maleic-acid diisppropyl, a dibutyl maleate, maleic-acid 
dipentyl, ************ 2-ethylhexyl, etc. are raised as an example of this maleate, for example. 

[0029] Moreover, as an example of N- vinyl lactams, N vin yip yrroli done, N-vinyl QiQendtne, N-vinyl caprolactam, etc. are raised, 
for example. 

[0030] The aforementioned monomer (B) is independent, or can mix and use two or more sorts. In the aforementioned monomer 
(B), both sides of the dimensional stability in the inside of the solution containing freeze-proof nature and the boric acid, or the 
borax to a maleate is desirable. 

[0031] As for the amount of the aforementioned monomer (B) used, it is desirable that it is [ of the copolymer which makes a 

principal component polymer (A), a monomer (B), a fatty-acid vinyl ester (C), and a cross-linking monomer (D) ] 2 - 5 % of the 

weight preferably one to 1 0% of the weight. In no longer discovering the improvement effect of freeze-proof nature and 

dimensional stability fully when the amount of this monomer (B) used is less than 1 % of the weight, and surpassing 10 % of the 

weight, the mechanical strength of the water nature contact lens obtained comes to fall. 

[0032] In this invention, a fatty-acid vinyl ester (C) is a principal component for dealing in polyvinyl alcohol. 

[0033] As for the aforementioned fatty-acid vinyl ester (C), the hydrogen atom in a fatty acid may be replaced by halogen 

atoms, such as a fluorine atom or a chlorine atom. As an example of this fatty-acid vinyl ester (C), a formic-acid vinyl, vinyl 

acetate, a propionic-acid vinyl, a butanoic acid vinyl, vinyl pivalate, a BASA tic acid vinyl, a lauric-acid vinyl, a stearin acid vinyl, 

a monochloroacetic acid vinyl, a trifluoroacetic-acid vinyl, a trichloroacetic acid vinyl, etc. are raised, for example, and these are 

independent, or they mix two or more sorts and are used. 

[0034] If the plain-gauze fibers for plastering of the hydrophilicity-ized processing by saponification are taken into consideration, 
although a low-grade fatty-acid vinyl ester is desirable in the aforementioned fatty-acid vinyl ester (C), especially if availability 
is taken into consideration, vinyl acetate and a trifluoroacetic-acid vinyl are desirable. 

[0035] As for the amount of the aforementioned fatty-acid vinyl ester (C) used, it is desirable that it is [ of the copolymer which 
makes a principal component polymer (A), a monomer (B), a fatty-acid vinyl ester (C), and a cross-linking monomer (D) ] 60 - 90 
% of the weight preferably 50 to 98% of the weight. In the water content of the water nature contact lens obtained when the 
amount of this fatty~acid vinyl ester (C) used is less than 50 % of the weight coming to fall and surpassing 98 % of the weight, 
the boiling-proof nature and freeze-proof nature of a water nature contact lens which are obtained come to be inferior. 
[0036] In this invention, a cross-linking monomer (D) is a component for raising the thermal resistance so that the obtained 
water nature contact lens can be sterilized by boiling. 

[0037] As the aforementioned cross-linking monomer (D), it has a good polymerization nature machine, and other polymerization 
component and copolymerization nature including a fatty-acid vinyl ester, such as **, for example, a vinyl group, and an allyl 
group, have the structure which is not easily understood an added water part by the hydrophilicity-ized processing by ** 
saponification, can present soluble to other polymerization components including ** fatty-acid vinyl ester, and can use 
preferably the compound which can be blended uniformly. This cross-linking monomer (D) has only the bad polymerization nature 
machine of copolymerization nature temporarily, or in being the compound which has structure which is understood an added 
water part by saponification, the amount of the effluent from the copolymer obtained is lessened extremely, or improvement in 
physical properties, such as a mechanical strength, becomes is hard to aim at. Moreover, if a cross-linking monomer (D) does 
not dissolve in a polymerization component uniformly, a uniform material's not being obtained and a transparent material is no 
longer obtained. 

[0038] As a cross-linking monomer (D) which has this property, it is general formula (I):, for example. [0039] 
[Formula 1] 

RHo-^CH2^^r%- 0 " (I) 

[0040] It is compound and general formula (II): expressed with (R1 and R2 show independently -CH=CH2 or -CH2-CH=CH2 
among a formula, respectively, a and b are the integers of 0-5, respectively, and b is 0 when a is 0). [0041] 
[Formula 2] 

R^- CH iCHz^ (CHg CH2>^^ — iCH^ CH>^ ^CHg)^- CH - R? 

(II) 

[0042] (The inside of a formula, R3. R4, and R5 become independent, and -CH=CH2 or -CH2-CH=CH2. R6. and R7 are a 
hydrogen atom and -CH3 independently, respectively.) [0043] 
[Formula 3] 

— (CH2>-0H 

[0044] It is the basis expressed with (g shows the integer of 1-5). [0045] 
[Formula 4] 

-{CH2CH2 0>jpR8 

[0046] the basis and c which are expressed with the basis or -C00R9 (R9 shows a hydrogen atom or -CH3) expressed with (a 
hydrogen atom or -CH3, and h show the integer of 0-12 in R8) — the Integer of 0-3, and d — the integer of 0-500. and e — 
the integer of 0-10000, and f — the integer of 0-3 — bein^ shown — the compound expressed is raised 
[0047] As an example of a cross-linking monomer (D) expressed with the aforementioned general formula (I) For example. 
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ethylene glycol diaryl ether, the ethylene glycol divinyl ether, Ethylene glycol allyl-compound vinyl ether, diethylene-glycol diaryl 
ether, The diethylene-glycol divinyl ether, diethylene-glycol allyl-compound vinyl ether, Triethylene-glycol diaryl ethen the 
triethylene-glycol divinyl ether, Triethylene-glycol allyl-compound vinyl ether, tetraethylene-glycol diaryl ether, The 
tetraethylene-glycol divinyl ether, tetraethylene-glycol allyl-compound vinyl ether, Pentaethylene glycol diaryl ether, the 
pentaethylene glycol divinyl ether, Pentaethylene glycol allyl-compound vinyl ether, diaryl ether, The divinyl ether, allyl- 
compound vinyl ether, propylene-glycol diaryl ether, The propylene-glycol divinyl ether, propylene-glycol allyl-compound vinyl 
ether, Dipropylene^glycoj diaryl ether, the dipropylene-glycol divinyl ether, Dipropylene-glycol allyl-compound vinyl ether, 
tripropylene glycol diaryl ether. The tripropylene glycol divinyl ether, tripropylene glycol allyl-compound vinyl ether, 
Tetrapropylene glycol diaryl ether, the tetra propylene glycol divinyl ether, Tetrapropylene glycol allyl-compound vinyl ether, 
butylene-glycol diaryl ether. The butylene-glycol divinyl ether, butylene-glycol allyl-compound vinyl ether, a jib — CHIREN glycol 
diaryl ether and a jib ~ the CHIREN glycol divinyl ether ~ JIBUCHIREN glycol allyl-compound vinyl ether, TORIBUCHIREN 
glycol diaryl ether. The TORIBUCHIREN glycol divinyl ether, TORIBUCHIREN glycol allyl-compound vinyl ether, Tetrapod 
butylene-glycol diaryl ether, the tetrapod butylene-glycol divinyl ether, As an example of a cross-linking monomer (D) which 
tetrapod butylene-glycol allyl-compound vinyl ether etc. is raised, and is expressed with the aforementioned general formula (11) 
For example, NISSO-PB B series, NISSO-PB G series (all are the Nippon Soda Co., Ltd. make aboye), etc. are raised, and these 
are independent, or can mix and use two or more sorts. 

[0048] 0.02 - 10% of the weight of the copolymer to which the amount of the aforementioned cross-linking monomer (D) used 
makes a principal component polymer (A), a monomer (B), a fatty-acid vinyl ester (C), and a cross-linking monomer (D) — 
desirable — It is desirable that it is 0.1 - 5 % of the weight When the amount of this cross-linking monomer (D) used is less than 
0.02 % of the weight, a copolymer does not fully construct a bridge, but in the boiling-proof nature of the water nature contact 
lens obtained comes to be inferior and surpassing 10 % of the weight, the water content of the water nature contact lens 
obtained falls, or elasticity comes to be 'ir\fenor 

[0049] As a method of obtaining the aforementioned copolymer used for the water nature contact lens of this invention, 
polymerization components, such as polymer (A), a monomer (B), a fatty-acid vinyl ester (C), and a cross-linking monomer (D), 
are blended, for example, and the method of adding and carrying put the polymerization of the polymerization initiators, such as 
a radical polymerization initiator and a photopolymerization initiator, to this etc. is raised. 

[0050] After blending a radical polymerization initiator with each polymerization component as an example of this method, for 
example, First, for example at about 40-50 degrees C, heat for several hour - number 10 hours, and a polymerization is carried 
out. Occasion How (heating polymerization method) to carry out a temperature up one by one to 120 degrees C in about ten 
hours, and to complete a polymerization, After blending a photopolymerization initiator, the method (the photopolymerizing 
method) of irradiating the beam of light (for example, ultraviolet rays) of the wavelength according to the absorption band of 
activation of a photopolymerization initiator, and performing a polymerization or the method of performing a polymerization 
combining a heating polymerization method and the photopolymerizing method is raised. 

[0051] When using a heating polymerization method, you may heat within a thermostat or a thermostatic chamber, and an 
electromagnetic wave like microwave may be irradiated, and the heating may be performed gradually. Moreover, when using the 
photopolymerizing method, you may add a sensitizer further. 

[0052] Although it is desirable to adopt the usual bulk-polymerization method in order productivity is good, are efficient and to 
obtain on the occasion of manufacture of the aforementioned copolymer in this invention, you may adopt a solution 
polymerization method if needed. 

[0053] As an example of the aforementioned radical polymerization initiator, an azobisisobutyronitril, azobis dimethylvaleronitrile, 
benzoyl peroxide, t-butyl hydrpperoxide, cumene peroxide, a benzoyl peroxide, etc. are raised, for example. 
[0054] As an example of the aforementioned photopolymerization initiator, for example A benzoin, methyl orthochromatic 
benzoyl benzoate. Methyl orthochromatic benzoyl benzoate, a methyl benzo IRUFO mate, A benzoin methyl ether, benzoin ethyl 
ether, benzoin iso-propyl ether. Benzoin isobutyl ether, benzoin - n - Benzoin system photopolymerization initiators, such as a 
butyl ether. 2-hydroxy -2-methyl -1 -phenyl propane -1-ON, p-isppropyl -alpha - hydroxy isobutyl phenon, a p-t- 
BUCHIRUTORI chloroacetophenone, 2 and 2-dimethoxy "-2-phenyl acetophenone, and alpha and alpha - dichloro -4-phenoxy 
acetophenone, N and N-tetraethyl The phenon system photopolymerization initiator;! -hydroxy cyclohexyl phenyl-ketone; 1- 
phenyls -1. such as -4 and 4-diamino benzophenone, 2-propane dione-2-(o-ethoxycarbonyl) oxime;2-chloro thioxanthone, 
thioxanthone system photopolymerization initiator [, such as 2-methylthioxanthone, ]; — dibenzo SUBARON; — 2- 
ethylanthraquinone; -- benzophenone acrylate; — benzophenone; — a benzyl etc. is raised 

[0055] One sort or two sorts or more should just be used for a radical polymerization initiator or a photopolymerization initiator, 
choosing them from these. The amount of this polymerization initiator used is all polymerization components. It is abbreviation to 
the 100 sections. The 0.001 to 5 section. ************ It is desirable that it is the 0.01 to 2 section. 
[0056] Here, when fabricating the water nature contact lens of this invention, the forming method which this contractor is 
usually performing is adopted. As this forming method, there is a method which combined the processing method (the 
mechanical processing method) by cutting and polish, and the fabricating method (the mould method) and the mould method for 
having used mold, and the mechanical processing method, for example. 

[0057] After the aforementioned mechanical processing method performs the polymerization of a polymerization component in a 

suitable mold or a container and obtains the polymer of a cylinder, the letter of a block, and a tabular, it Is a method of giving 

mechanical processing of cutting, polish processing, etc. and processing a desired contact lens configuration. 

[0058] Moreover, the describing [ above ] mould method prepares the form block (mold) corresponding to the desired contact 

lens configuration, a polymerization is performed in this type of inside using each polymerization component, it is the method of 

obtaining a contact lens and finish-machining is mechanically performed to the obtained contact lens if needed. 

[0059] The method which combined the mould method and the mechanical processing method is a method of preparing the form 

block (mold) corresponding to at least one field of a desired contact lens configuration first, performing a polymerization In this 

type of inside using each polymerization component, giving mechanical processing so that it may subsequently build [ one's 

reputation / of a contact lens / other ] up, and obtaining a contact jens. 
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[0060] In adopting the mechanical processing method, before performing hydrophilicity-ized processing by the saponification 
mentioned later, it fabricates in a contact lens configuration. It is because it becomes impossible to give mechanical processing 
after having performed hydrophilicity-ized processing by saponification. 

[0061] The method which combined the mould method or the mould method, and the mechanical processing method has a little 
component used as a raw material compared with the case of only the mechanical processing method, ends, may have few 
manufacturing processes and has the advantage that the time which a polymerization takes further may be short. 
[0062] Next, it is the above and let the copolymer made and obtained be a water nature contact lens by performing 
hydrophilicity-ized processing by saponification. 

[0063] Saponification here is processing the unit originating in the maleate and fatty-acid vinyl ester (C) in a copolymer with an 
alkaline compound or an acid compound according to the saponification method of polyvinyl ester learned from the former, and 
considering as alcohol or a carboxylic acid. However, since the saponification with the latter acid compound has the fault that 
what has it is hard to be obtained, and side reaction starts, its saponification with an alkaline compound is desirable. [ slow 
saponification speed and uniform ] 

[0064] As the aforementioned alkaline compound used for saponification, the hydroxide of ammonia, alkali metal, or alkaline earth 
metal etc. is raised, for example. As an example of this alkaline compound, an ammonium hydroxide, a sodium hydroxide, a 
potassium hydroxide, a calctum hydroxide, etc. are raised, for example. Since these alkaline compounds are mamly solid-states, it 
is good to dissolve in alcohols, ether, etc. and to use for a saponification reaction as an alkali solution. 
[0065] As the aforementioned alcohols, a methanol, ethanol, propyl alcohol, butyl alcohol, etc. are raised, for example, and 
diethylether, a tetrahydrofuran, etc. are raised as the aforementioned ether, for example. 

[0066] In the alkali solution of the alkaline compound used for saponification, although what used alcohols Is desirable and the 
alkali alcoholic solution of 0.1 - 1.0 N is desirable also in it, in order to advance saponification processing efficiently, alkali 
solution can also be mixed and used for this alkali alcoholic solution. 

[0067] The aforementioned copolymer is saponified by flooding with the aforementioned alkali solution. 

[0068] Generally the reaction temperature of saponification is. It is preferably set as a 10-70-degree C temperature requirement 
zero to 100 degree C. Although the reaction time of saponification cannot generally be ******(ed) sihce it changes with the kind 
of alkaline compound, the concentration of an alkaline compound, reaction temperature of saponification, etc., when a 
saponification reaction is not completed at a room temperature in several hours, it is desirable to warm the solution which 
performs saponification processing practical. Moreover, it is also possible to perform a saponification reaction by the 
heterogeneous system. 

[0069] In addition, as for the degree of saponification of the portion originating In the maleate and fatty-acid vinyl ester (C) 
which are the unit in which the saponification in the copolymer at this time is possible, it is desirable more than 90 mol % and 
that it is more than 93 mol % preferably. By repeating boiling processing etc., in case it becomes or the obtained water nature 
contact lens is used over a long period of time that it is hard to become a desired water content, when this degree of 
saponification is less than [ 90 mol % 1 a water content changes and there is an inclination used as the thing inferior to long 
term stability [ become / easy to cause size change ]. 

[0070] In this way, let the saponified copolymer be the water nature contact lens which it was safe and was swollen to the living 
body by carrying out boiling processing in a physiological saline (0.9% sodium chloride solution) for several hours. 
[0071] Although the water nature contact lens of this invention is further explained to a detail based on an example below, this 
invention is not limited only to this example. 

[0072] To 3 mouth round bottom flask of example of reference 1 [composition of acrylate system polymer 

[polymethylmethacrylate (polymer (A))] which has an average of one polymerization nature machine at least in molecule (meta)] 
II. **. it is an azobisisobutyronitril as methyl methacrylate 99g, allyl-compound methacrylate 1g, and a polymerization Initiator. It 
is benzene 720ml as 0.5g and a solvent. In addition, the polymerization was carried out at reflux temperature for 2 hours, stirring. 

[0073] After throwing in in n-hexane the polymerization liquid obtained next and obtaining a copolymer as precipitate, reduced 
pressure drying was carried out, this copolymer was further dissolved in benzene, and It supplied in a lot of n-hexanes, and it 
was made to reprecipitate and refined. Reduced pressure drying of this was carried out, and the polymethylmethacrylate 
(henceforth PMMA) was obtained. 

[0074] the number average molecular weight of obtained PMMA, and the average polymerization nature per molecule — the 
base was measured by the following method consequently, number average molecular weight — 23000 and the average 
polymerization nature per molecule — the base — 1 .8 it was . 

[0075] (Number average molecular weight) It measured by the gel permeation chromatography. 

[0076] (Average polymerization nature per molecule base) It measured by the gel permeation chromatography and the Fourier 
transform proton nuclear-magnetic-resonance spectrum. 

[0077] The PMMAobtained by Erienmeyer flask of like and 100ml ** in example 1 of reference 10 used as the composition 
shown in example 1 table 1 section is put in. and it is diethylene-glycol diaryl ether (cross-linking monomer (D)) 0.5 to this. The 
section and maleic-acid dimethyl 2.7 (monomer (B)) The section and the vinyl acetate (fatty-acid vinyl ester (C)) 80 section 
were added, and it was made to dissolve completely. It is azobis dimethylvaleronitrile (V-65) 0.1 as a polymerization initiator to 
this. The section was added, and it dissolved and moved to the glass test tube with a bore of 14mm. 
[0078] Next the polyethylene plug was carried out and the polymerization was carried out in the 35-degree C constant 
temperature bath for 40 hours. After it, temperature was raised at 50 degrees C, the polymerization was carried out to them for 
8 hours, and it moved in the circulation dryer. Here, It Is from 5 hours and 60 degrees C at 50 degrees C. Carrying out a 
temperature up gradually to 1 10 degrees C, it heated for 9 hours and the polymerization was completed. After cooling to a room 
temperature, it heated at 90 more degrees C for 2 hours, and distortion and ** were performed. 

[0079] In this way, it cuts to the obtained bar and they are ten films with 0.14mm [ in thickness ], and a diameter of 12mm, and 

thickness. 0.5mm and five plates with a diameter of 12mm were produced, and these were made into the test piece. 

[0080] Next, about 50ml (a methanol / water (capacity factor) =4/1) of methanol solution of 0.25-N sodium hydroxide was put 



6/7 V 



into the petri dish with a diameter of about 10cm, the aforementioned test piece was put into this, it was left at the room 
temperature for 24 hours, and saponification was completed. After rinsing, 500m( of water It put into the Erienmeyer flask of 1 1. 
**, and boiled for 24 hours. After cooling, 500ml of water 500ml of physiological salines It changed, and boiled for 1 hour and 
water was replaced by the physiological saline. The degree of saponification of a test piece was measured according to the 
method shown below. The result is shown in Table 1. 

[0081] (The degree of saponification) By 13 C-NMR spectrum of the origin, the degree of saponification (mol %) was computed 
to a maleate and vinyl acetate. The measurement conditions of an NMR spectrum are shown below. 

[0082] Measurement model: The product made from Varian, XL-200 FT-NMR spectrometer measurement nucleus : 13C (50.3 
MHz) 

Measurement temperature: 60-degree-C sample : 3-5 test pieces (thickness at the time of cutting : 0.5mm) with a thickness of 
about 1mm changed into the equilibrium swelling state with distilled water were put in the NMR test tube with distilled water. 
[0083] About the test piece which saponification and elution processing ended, various physical properties were measured 
according to the method shown below. These results are shown in Table 1 . 

[0084] (Water content) About the test piece (thickness at the time of cutting : 0.5mm), the water content was measured 

according to the following formula. 

[0085] 

Water-content (% of the weight) =^[(W-WO )/W] xlOO, however W are the weight (g) of the test piece in a balanced water state. 

WO Weight of the test piece in dryness (g) It expresses. 

[0086] (Transparency) The test piece was observed with the naked eye. 

[0087] (Error criterion) 

A: Transparence B : use the Instron type compression tester with which the Ciremarkable nebula in which nebula is accepted 
slightly is accepted (**** load), and it is the thickness abbreviation of a balanced water state. The press needle with a diameter 
of 1/16 inch was applied to the center section of the 0.2mm test piece (thickness at the time of cutting : 0.14mm), and the load 
at the time of fracture of a test piece (g) was measured. 

[0088] (Pace of expansion) The aforementioned **** load (g) Pace of expansion at the time of fracture of the test piece when 

measuring (%) It measured 

(Strength index) It depends for the intensity of material on both a pace of expansion (%) and a **** load (g). Then, it computed 
as a strength index by the following formula as a standard of relative intensity. 

[0089] Strength-index (g-%/mum) = [a **** (load g) x pace of expansion (%)] /[thickness (micrometer) of 2x test piece] 
(Freeze-proof nature) Freeze conditions are considered as neglect for 24 hours, defrosting conditions are considered as neglect 
at 20 degrees C in ~5 degrees C for 24 hours, and it is the thickness abbreviation of a balanced water state under these 
conditions. Free ze-def resting processing was repeated 5 times to the 0.2mm test piece (thickness at the time of cutting : 
0.14mm), and the rate of a dimensional change of the test piece after this processing was computed by the following formula. 
[0090] 

Rate (%) of dimensional change =[(Z2-Z1 )/Zl] x100, however Z1 express the size (mm) of the test piece before processing, and 
Z2 expresses the size (mm) of the test piece after processing. 

[0091] Moreover, the appearance change was observed with the naked eye, and it evaluated based on the following error 
criteria. 

[0092] (Error criterion) 

A: Change-less B : the size A2 (mm) of the test piece when being immersed for 24 hours into the size A1 (mm) of the test piece 
at the time of the equilibrium swelling in the inside of the 0.9 % brine in 20 degrees C the C:remarkable nebula in which nebula is 
accepted slightly is accepted to be (size rate of change in the inside of boric-acid solution), this brine, and isotonic 0.5 % boric- 
acid solution was measured, and it asked for size rate of change based on the following formula. 
[0093] 

Size rate-of-change.(%) =[(A2-A1 )/Al] xlOO examples 2-5 and example of comparison 1 composition was changed as shown in 
Table 1, and also the test piece was produced like the example 1, and various physical properties were measured like the 
example 1 about the test piece obtained by performing saponification and elution processing. These results are shown in Table 
1. 

[0094] 
[Table 1] 
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[0095] that by which each test piece obtained in the examples 1-5 was obtained from the result shown in Table 1 in the example 
1 of comparison — comparing — the rate of a dimensional change after a freezing treatment — small — in addition — and it 
turns out that the size rate of change in the inside of boric-acid solution is small 
[0096] 

[Effect of the Invention] Even if immersed into the preservation liquid for contact lenses which a size could not change easily 
even if it was the case where it was used over a long period of time (reduction), and contained the boric acid, the borax, etc., 
the size cannot change easily, and the water nature contact lens of this invention does so the effect of excelling in the 
preservation stability in the inside of the preservation liquid for contact lenses etc. 
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(c) i^xx^mm^^^y-^- (D) ^^^^^-f-^^s 

^i*:(7:)0.02-10mi:%. »^L<fi 0A-5mA%Xh 

5r^//^M^Li\ ;^>7:)^5$(^litt^/^- (D) (Di$.m 
mm . 02S1:%*yS 5 V > t:: . ^rn^fr It^j^ 

[0 0 4 9] :^mmo^yi^\i^>^'^ h u>^X{cffli/^^ 

— (A) . (B) . mmm\^'^^^^:^'r/i^ 

(C) ^oJ:t>*?i^tStt^y-r- (D) tj:t^(Dm^f^'7^^M 

m ^{^m ^ mm l . s^-r 5 ^j: ^ n 5 ^ 

[0 0 5 0] fj^fj^6:^m(DmW\tLX{t. t't^lty 

it. ol^-e izov^x}Qm0mxm»:mB.Lxm^^^ 
m (fztx.it. m^m) ^mMLxm^^nfj:o:^m 

-\txm^^n^j:9Jjm^J:t'^^hn^^ti^o 

[0 0 5 1 ] mmm'^m^m^^^th\^^:ia. tstati^ 
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[0 0 5 2] *M^f^:|bNt5fiufB^fi^*<7:^iajgi-^L 

m^umLxh^\^\ 

10 0 5 3] mmy 'J:^^^-m^rmm(DMci¥mt lx 
[0 0 5 4] mmM^mymo^^mA}! ltji. /c,b 

/V, vyv y y^/^^^7^>'^. ^yy-fy-n- y 
^yprc-x/i^/^t if(0-<yy-r y^^fefi-a^Bl^^siJ ; 2-t K 20 

n^i/ -2-^^/1^ -l-yJl^/^y^/^y -i-:fy> p-Y 

yyntvp-a -t: Kn^ w yy^/i-y^y y. p-t- 
y^^/t- m; y n pt^t hy^ny 2,l~'y^ -2- 

y jc::^/UT-!r h y :ii y a, a -v>y p n _4_:7aiy 

^y-Tir hy^xyy. n.n-t" hyj:.f-/i- -4.4-yT^y 
-oyy^iy y/^^(Dy:ii/>^^_«'a^r^i^^j ; i-t K 
p^v^v^y n^^^v^/uy^^/uy- h:/ ; i-y 3, -/u -1, 

; 2-y p p^;f^f-y y y\ 2-y ^/i-f-;?h^ify-yy 
f^}i<D^:^^'^^yV ; v^-<yy;^/'<n 30 

y ; 2-j^^/^ryx^:ary y ; ^yyy^iiy yry y u 

h ; ^i/^y ^/ y ; ^y>^/^/^<!:^^^fotf ^ti6a 

[0 0 5 5] y v^;^/L'm^p^^^^j^Acfi)fett^r?^^&^j 

5> lOO^Cl^LX^ 0.001-5g|5. /^;!l^^•^<|^ 0.01 

[0 0 5 6] r rT% %w^?i(D^i^^^y ^ ^ V u-yx 
[0 0 5 7] mW^m^^^^'^~L\U^. M-g^iS^^cnm^^ii 

^4^§!l*/'::ti^^c7^4^-CtT/^V\ »:|^. yp>yyt^. « 

6^^px^ffiL. ^M(7)=3y:^y M/yXff^i^i^^px-f 5 

[0 0 5 8] ^fc. RtiE^— K?i{i, R?f^c:);3yyy 
hyyXf^4*t::^tC;Lfc:^ff^M ^fflt:L. z.(n so 
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{am^m{^incxmw.m\^ft±n'mi:-/)m^ti^. 
[0 0 5 9] ^-/w mtmmmwj:m^m^t>^±jj 

y huyX^9 6;^ffi-efc5o 
[0 0 6 0] mw.^mj:.^^^Wim't^\th\f^^\±. 
1-6^y{[:tcj:5M*^l::^s^jfe-rHij(^^yy y huy 
xy(^m^^&mir^. ^:y\t\^x^m.mt^n^m\.x\. 

[0 0 6 1 ] vmt,fc\±-t-jv v'i^tmmmMiL 

[0 0 6 2] o^'t;i. mIia(7)<J:9te:LT;tbtbfc*K-& 
[0 0 6 3] c::-ei/^9yy{l::<^n. ti£*/0^f>^^tLT 

f^cf'(7:)'7 y^ yi^:x.;^x/^i3 ctU^URH^^t^'^/l^^y^X/V 
(C) t^S5fe-1-^*{i£^TyW;(7ytifh-&4^^fc(«'t4lb 

it^m^ J: ^ ^ yf k^ii^^M* L V \ 
[0 0 6 4] yyfb(;iffli/^^ix6mil5r/^;^7 y^b^ti 

fj:t'[zMmL. r^^:;^7y^y«i:LTy-y^bS^S^;:fflv^^ 

[0 0 6 5] ffi|fBr/V'::i-/l-^^ LTH. tzt?L{^/^ 

[0 0 6 6] ^i^it\cm^^hKhrjuio^)mt^^o:>r 
jvi3^)mi^o:>fs:t^x^t,r/vzx'--;\.^:^^\,^f-\^(ot^^^^ 
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[00 6 7] fjia*m'^f*^fi, mmr/u:fj v mimamn 
[0 0 6 8] ^yit(DKf;i.umn. -^xi^ 0- ioo°c. 

[0 0 6 9] /^:j3\ :i(/)t^(D^m-^i^^(D^yi\:^m 
y^v-Ji^ (c) t«i**'r^Sl55><^^>'^t:S(i. 90-^/1/%!^ 

>'^b^;^i^9o^7w%*yir'fc.5 foi ^tc mm(D 

^{1:^*5 - L-^-r < ?i 5 SW^^itlc*^ 5 1 «7) 20 

[0 0 7 0] zoLx^yit^hfz^m^mt. 
[0 0 7 1 ] -D^iz^mm<^^y\^^^ y ^ h 

[OO7 2]#%0iJl [5^-^F^{c:/>/^< ^ t^J^lfUcD 

y y h (Tify-^- (a) ) ] cd^^] 

1 y y h/^Wc03opAJlE:77:^^tc. ;<^/w^^^y 

1/- h99g. r y/i-7< y M g. iL^r?i^&SJ<t 
T-<>-^V720ini ^Mx.. mwLti:r^hmMnm^^x 2 

[0 0 7 3] -^^l^K.hnfcM'^m^n-^^'^l^^iC:^ 

ALx^m^i^^^ttm^t Lxx.tz(Dh. mj±nmL. 

LT^Ky ^■^/w^^^J' y U~h (li^T. PMMA<hV^ 
[0 0 7 4] X^tlfcPMMA(DiSc^J^5^lFl::|b^c]:t/l 

[0 0 7 5] y/WN- ^ g >^ 

[0 0 7 6] (1 fo/c ^) (7:)¥^«#t?feSft) 
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[0 0 7 7] mmm i 

*l tc^f ffl.^<^^^5 J: lOOml^t?)^:^ :7^;;^zi 

1 -rx-^nfcPMiviAlOgli^Aix. r^xtcv^^ 

^i/z/^^'y r3-/i.v?r y/i'^-T^/i' (^i&^ti^/-^- 

(D) ) 0.5 SP. ^U-f >'i^v>;><^/U (^y-^- 

(B) ) 2.7 ^*5J:t5g^j?^t^'^/l/ (^gIS?gt:^\r^/l-^;^-^ 

/i- (c) ) sou^Mx,x^±i,cmm^^tio ^ti\zm^ 

m^Mt \^xr:/\f'^i/?^^/u^<uu^VVji- (V-6 
5) 0.1 U^mx.'^mmL. \^mi4mm(D^y:^nmWi^ 

[0 0 7 8] 0#'(C7i<y ^n^l/^-t^^LTSSrtT^tlrU* 

^txsmm^L. mm^mmp^icj^Lfz. -zx\ 50 
smmMmLxm-^^^T vfzo mmc^^^LtKDh. 
[0 0 7 9] zoi^xx.htitzW^^^^wm^mLxm^ 

0.14mm. m."i^l2mm(Dy ^ /UMslO^ic^XXfm^ 0.5mm. lE 

/Co . ■ 

[0 0 8 0] o^lciE'gl^lOcmcT^^v'^— UlC0.25N7Klt 

Sit) =4/1) ^ji^somiAn. zti{cmmnm)i^A 

nx'^ux2Am?^msLx^yi[:^mT\^tzo T^mk. 

TKSOOml ^1 y .y h/i-^(DH:S:7^;^^(-Atbr24B#rBl 
^^L/h, ?^ijlf^. ;^500ffll ^^3®:^:^;^c500ml iz^^x, 

^>it&^UT{c^ir'ljmi^Lfzf/-'^xm'^Lfc^ ^(D 
1 [z.n^'T. 

[00 8 1 ] {^>it^) ym^:^'T7l^:!^3XX^m 
fbjfS ('e/u%) ^MWiLfco nmr;^-<^ 

[0 0 8 2] PJ^^a : /^yr>^?±M, XL -200 FT 

S'J^I^ : 13 C(50.3 MH z) 
: 60°C 

: 0.5mm)3-'5tSc^^®*<b^: tic 

[0 0 8 3] ^yit^xmsih^m:f)mjLtzU.m}i{z 

[0 0 8 4] i^ykm) mm.^ {mmm<Dm^ : O.Smm 
[0 0 8 5] 

^7K$ = [ (w-wo ) /W] X 1 0 0 
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[0 0 8 6] mmm ^^it^sri^jBgicxa^tfco 
[0 0 8 7] mmmm) 
A : mm 

}^(D^mm(r>^m (g) ^sy^tfc. 
[0 0 8 8] mum) mm^tkmrnig) ^m'&Ltit io 

(g) t (omiy ^c^^-t^o ^:ir\ 

[0 0 8 9] ^sgitm (g -yo/wm) = Lmtk^m 

(g) xf«o«$ (o/o) ] / [2xn!^yr<Dm^ (u 

m) ] 

0.2tm(Dm^}i (^m^(Om^ :0.14m 20 

[0 0 9 0] 

^-ffi^fb* (%) = [ (Z 2 - Z 1 ) /Z 1 J X 1 0 0 
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fcfcL, Z Ul^atuc0^g^M'(7)f-^X (mm) , Z 2 
!^mm<D^^tf<D^>fX (mm) ^^ib-To 
[0 0 9 1 ] */c^co^ft^^{L^r^JBgt::-Cii^L. 

[0 0 9 2] 

A : ^if^£ L 

B : t>~rM^&m:^m^hth^ 

m) . zor)^m.7Ktmw^o.5 %7r^^mA<^mm^{c2Am 

[0 0 9 3] 

-^^^^mtm {%) = [ (A2-A1) /Al] X 1 0 
0 

2 - 5 J; rJ\ti^m 1 

a^^^ 1 Ci/i^^ J: 9 1 ^ 

[0 0 9 4] 
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[0 0 9 5] ^1 mi&m \ ~5-e 
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